Abstract. Many recent studies have discussed the appropriateness of various patent measurement indicators, as well as the differences in the positioning of patented technologies, while there is little discussion on the risk transmission of enterprises when faced with infringement litigation. This study used the bivariate EGARCH (Exponential Generalized Autoregressive Conditional Heteroskedasticity) model with DCC (Dynamic Conditional Correlations) to investigate the dynamic risk transmission of patent litigation between market competitors in the smartphone industry. Empirical results revealed that when facing lawsuits from market challengers, the market leader faces fewer risks when handling patent infringement litigations. In addition, the risk reactions of competitors during patent wars may widely differ. Investors should consider the patent infringement litigations when measuring the dynamic risks of share prices, and determining the optimal configuration of asset portfolios in response.
Introduction
In the current market, it is important for enterprises to define their industrial positions and markets, as well as analyze their competitive advantages and profit-making potentials. In order to maintain competitiveness, they need to actively develop their positions and strategies in patent R&D, control key technologies, realize low costs, differentiate barrier strategies, and accumulate technological innovative niches through the accumulation of patents (Hall et al. 2005; Johanson et al. 2006) .
In a highly competitive industry, patents are not only a key indicator of competitiveness, but also a powerful tool for increasing corporate revenue, carrying out transnational mergers and acquisitions, and driving new business in global competition. Currently, Taiwan's industrial structure is being restructured, thus domestic brands are striving to gain visibility. Consequently, patent litigation cases launched by internationally renowned manufacturers against Taiwanese businesses are becoming more common. Therefore, Taiwanese enterprises must develop key technology research and development (R&D), actively improve patent quality, and establish patent teams in order to compete in international markets and confidently face international patent litigation (Griliches 1981; Narin et al. 1987; Trajtenberg 1990; Crampes, Langinier 2002; Hall et al. 2005; Arora et al. 2008; Coe et al. 2009) .
Patents can protect a company's products and expand its competitive advantage; however, patent litigation has rapidly increased in recent years. In the past, enterprises earned profits by increasing production, lowering costs, and enhancing efficiency (Kaplan, Norton 2004; Koo, Kim 2009; Adams 2010) ; thus, business performance was largely associated with tangible assets. However, with the advent of the knowledge-based economy, business management has experienced a considerable revolution. The enterprise value and growth rely on intangible assets, of which patents form the core value of enterprises (Jaffe et al. 2000; Lev 2001 ).
This study aims to investigate the risk transmission of patent infringement litigation. The bivariate EGARCH (Exponential Generalized Autoregressive Conditional Heteroskedasticity) model is employed with a dynamic conditional correlation. The stock return volatility is used to measure the impact of patent infringement litigation, and the dynamic risk transmission of patent litigation within market competitors is discussed. The findings can serve as a reference for enterprises on related decisions. The remainder of this paper is organized as follows. Section 1 is the literature review; Section 2 describes the sample data and the dynamic condition bivariate asymmetric GARCH model; Section 3 presents the empirical results; the last Section offers conclusions.
Literature review
R&D is closely correlated with the competitiveness of an enterprise (Hall, Ziedonis 2001; Trajtenberg 2001; Lee et al. 2013) . Oughton et al. (2002) and Bessen (2008) studied industrial characteristics and R&D activities. Lakdawalla and Sood (2009) discussed the characteristics of the electronics, biology, pharmaceutical, telecommunications and manufacturing industries, as well as the differences in innovation capabilities of those industries (Lakdawalla, Sood 2009; Cooke 2002; Tseng, Wu 2007) . Jensen and Webster (2006) used patent data to study the relationship between firm size and patent intensities in Australia. Bessen and Maskin (2009) and Geradin et al. (2011) found that the number of patents is highly correlated with firm size, and larger companies tend to treat patents as a competitive niche (Kim et al. 2008; Blind et al. 2009; Trippl, Maier 2010) .
In the current market, patents play a pivotal role in R&D as a measurable indicator. Therefore, most studies have discussed the relationship between resource investment and patent output (Lanjouw, Schankerman 2004; Agliardi, E., Agliardi, R. 2011) . Megna and Klock (1993) , Ernst et al. (2010) , and Suzuki (2011) measured patent indicators and business performance. Other studies have discussed various R&D input indicators, including R&D expenditure (R&D intensity or technological overflow), R&D technology sources (self-innovation, introduction for modification, partial introduction, total introduction and returns of royalty) and R&D output (number of patents and the number of new products to the market) (Thomas 2001; Watanabe et al. 2001; Hall, Bagchi-Sen 2002; Schoenecker, Swanson 2002; Reitzig 2003; Tseng, Wu 2007) .
Patents are effective tools for increasing profits and maintaining market competitiveness. With the continuous accumulation of R&D strength, enterprises can use patents to generate substantial profits (Bukh 2003; Bebchuk, Cohen 2005) . Lee et al. (2013) studied industrial competitiveness in relation to patents, and found that commercializing patents are an important topic of research. Patent rights, such as trademark rights, copyrights, or other intellectual property rights, are intellectual capitals, and have a significant impact on business. These findings agree with those of Johanson et al. (2001) and Arcelus et al. (2005) .
Most relevant studies have focused on R&D indicators and R&D expenditures, while the impact of long and tedious patent litigation on the market has seldom been discussed. In recent years, Raghu et al. (2008) and Lee et al. (2013) found that patent infringement cases have grown in number. Lacking effective review of patent layout effectiveness, some enterprises are rather disadvantaged in patent defense and attacks regarding patent layout. As a result, intellectual properties cannot be fully used. Moreover, some enterprises use litigation in business competition, leading to a long patent infringement litigation process. If an enterprise is defeated in litigation, it has to pay a large amount in royalties, franchise fees, or damages, but may also be forced out of the market. The resources allocation of enterprises is closely related to market information efficiency. It not only affects the company value in the market economy, but also reflects the confidence of market investors and investment trends. Therefore, understanding the dynamic risk structure of patent infringement litigation is an important issue for the government, academia and industry (Bhagat et al. 1994; Lerner 1994; Fisher, Statman 2000) .
Sample and methodology

Data selection and description
Since the 80s, the IT industry has become the backbone of Taiwan's economic growth. The IT industry, which produces personal computers, notebook computers, panel screens, consumer electronic products, etc., plays a pivotal role in the high-tech industry supply chain. The launch of iPhone by Apple in 2007 triggered a boom and soaring demand for smart phones, and created a new development direction of consumer electronic products, thus reforming the supply chain system. Due to the positive user experience of iPhone, Google also entered the smartphone market by launching the Android platform in cooperation with the Open Handset Alliance, and using open source to create innovations in the smartphone industry (Chen et al. 2013) .
In a highly competitive market, well-known smartphone makers have created great value from the design, manufacturing, and system integration processes of smartphones (Li, Whalley 2002) . However, the volume licensing of the open Android operating system is dominated by Google. Google's rapid increase the market share and competitiveness in the global smartphone market has put considerable pressure on the Apple iPhone. Therefore, Apple started a patent litigation war in 2010, and charged HTC with infringement on 20 patents on March 2, 2010. The litigation wars were waged in the United States, the United Kingdom and Germany, and covered the range from smartphones to tablet computers. It escalated from patent infringement to the ruling of a permanent ban by the U.S. government. HTC-made mobile phones were banned from entering the U.S. After this patent lawsuit, HTC immediately launched a counter lawsuit against Apple. On May 12, 2010, HTC charged Apple, and initiated five claims of patent infringement litigation. HTC also petitioned to the International Trade Commission (ICT) against sanctions, including the ban on sales of disputed products in the U.S. These actions/reactions have made the smartphone industry highly competitively (Chen et al. 2013) .
This study aims to discuss the escalating patent wars between Apple (market leader) and HTC (market challenger) over the period between 2010 and 2012 1 , from the viewpoint of industrial competitiveness (Porter 1980 (Porter , 2008 Chen, MacMillan 1992; Chen, Hambrick 1995; Chen 1996) . The data included 18 patent infringement cases filed by Apple (includes Apple Inc., NeXT Software and NeXT Computer) and HTC 2 (includes HTC Corp, HTC America Inc., and HTC unit Exedea Inc.). Patent infringement data from 2010 to 2012 were collected from the UDN database. The announcement date for each patent infringement event was verified by the Market Observation Post System (MOPS) of the Taiwan Stock Exchange (TWSE). In addition, the authenticity of the samples and the classification of the samples into plaintiff, defendant and litigation event were reviewed to ensure the comprehensiveness and completeness of the research samples. The patent infringement data met the following criteria: (1) certain words and their synonyms (such as "patent", "infringement", "litigation", "defendant", "plaintiff " and "ruling") were used to describe the news about the Apple and HTC as they sued each other for patent infringement; these words were searched as keywords in the UDN database; (2) there were no other patent infringement events within five days before or after the announcement date; this was to avoid potentially confusing patent infringement events that could confuse the effects of the patent infringement (Lai et al. 2010) ; (3) the daily stock prices of Apple and HTC were available from Yahoo Finance and the Taiwan Economic Journal (TEJ) database, respectively.
Methodology design: perspective of dynamic risk
ARCH (Autoregressive Conditional Heteroskedasticity) and GARCH (Generalized Autoregressive Conditional Heteroskedasticity) models have been used to estimate the timevarying volatility of the financial market (Engle 1982; Bollerslev 1986) . They use an asymmetric model to capture asymmetric volatility (Nelson 1991; Glosten et al. 1992; Hentschel 1995; Deb 1996) . Recent studies have used the multivariate GARCH model with DCC specification to estimate systematic patterns on co-movement (Kroner, Ng 1998; McAleer et al. 2009; Chuang et al. 2014) , as well as the DCC-EGARCH (Dynamic Conditional Correlations-Exponential GARCH) model to capture the volatility transmission of financial data in the estimation process (Kawakatsu 2006; Wang, Moore 2008; Asai, McAleer 2011) .
To estimate the dynamic risk relationship, this paper uses a bivariate EGARCH model with DCC specification to capture the risk transmission of patent infringement between Apple and HTC stock returns (Engle 2002; Wang, Moore 2008) . The model settings are shown as follows:
where R is the 2×1 vector of stock returns, and a k,0 is the n×1 Intercept Vector. b k,j is the 2×2 vector from which the effect of mean transmission across the companies is captured by the off-diagonal elements. Where , , , 1 ln ln
, ln k t P is the natural logarithm of the price of company k in period t, the conditional mean equations can be written as Equation (1) 
where the conditional variance , 1 = ε σ in each company is in Equation (2), and the volatility persistence is captured by q i , which satisfies the finite unconditional variance if q k < 1. The volatility spillovers are estimated by z k,j (j ≠ k), and the asymmetry exhibits the negative sign of j j (Nelson 1991; Wang, Moore 2008) .
Empirical result
Basic statistics of Apple and HTC
The results showed that the patent infringement events have significantly influenced stock market behavior. As some studies only discuss the temporal behavior of the stock market while ignoring the stock shocks of patent infringement, this paper presents a preliminary analysis of the Apple and HTC stock price. Trends for the daily Apple and HTC stock price indexes are shown in Figure 1 , and the trends of both stocks' returns are shown in Figure 2 . Figure 1 shows that from 2010 to 2012, the share price of Apple increased sharply, while the share price of HTC declined from its peak in 2011 to the original level. As shown in Figure 2 , from 2010 to 2012, the change in returns on the share price of Apple was relatively stable, while that of HTC was relatively dramatic. Table 1 presents the symbols for the daily Apple and HTC stock price indexes during the sample period. The basic statistics present the stock mean returns, standard deviations, skewness, excess kurtosis, minimum and maximum returns and the Jarque-Bera test statistics. Notes: ** (*) denotes statistical significance at 1% (5%) level. Normal test is checked by the Jarque-Bera test and are asymptotically chi-square distributed with 2 degree of freedom.
The statistics of the sample are shown in Table 1 . The means of Apple and HTC stock returns significantly differ from 0 at the 5% level. As seen, the skewness of Apple returns and HTC returns is respectively positive and negative. The positive and negative skewness indicates that the distribution of Apple and HTC stock returns has the heavier tail and the higher probability of gaining positive and negative returns respectively. In addition, both kurtosis statistics are over 3, suggesting that the distribution of stock returns has leptokurtosis, and deviates from normality. Finally, the Jarque-Bera statistics for the Apple and HTC stock returns series significantly reject the assumption of normality. .00
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Dynamic Risk relationship of patent litigation
Section 3.2 shows the dynamic risk relationship of patent infringement between Apple and HTC. In Table 2 , the empirical evidence suggests that when sued by HTC (market challenger) for patent infringement, Apple (market leader) saw the risks to its stock returns significantly reduced. In other words, the patent lawsuits brought by HTC cannot effectively threaten Apple. This paper infers that HTC, given its origin as an OEM, does not yet have a sufficient number of patents to deter or discourage Apple from using the relevant patents or selling restricted products. In summary, Apple's risk in undertaking patent infringement was significantly reduced (w 1,1 ); however, HTC saw no noticeable reduction in patent risks (w 2,1 ). Meanwhile, when HTC was sued by Apple for patent infringements, HTC's stock returns (a 2,2 ) were significantly and negatively affected. During the lawsuit, Apple sought to restrict HTC from selling in the U.S. or selling smartphones with shorter lifecycles in certain markets by requesting preliminary injunctions or provisional measures. These approaches were aimed at slowing the sales growth of HTC's new products. In fact, patents were rather ineffective in the smartphone market due to the large number of relevant patents and the acceleration of product development. As a result, a decision over patent infringements may stifle competitors for a few months but cannot lock them out of the market, which is the reason that HTC and other Android players have been increasing acquisitions in order to obtain key patents. They have also been circumventing patents by designing around them, thus undermining the product advantages of Apple. In the face of lawsuits from Apple regarding patent infringements, neither Apple nor HTC experienced any significant impact on risks (w 1,2 , w 2,2 ).
Since 2010, Apple has been taking the initiative in patent-related litigations; however, HTC has fought back by suing Apple. Both companies have emphasized the importance of preventing patent infringement. However, the legal actions taken by Apple against HTC are testimony to HTC's R&D results. In addition, HTC is supported by operating system vendors such as Google and Microsoft. Investors may interpret patent lawsuits as having a certain degree of impact on Apple, which is the reason that the risks associated with the infringement of Apple's patents are significantly higher (w 1,3 ), while the similar risks HTC undertakes are significantly lower (w 2,3 ). The acquisition of patents will be a major battlefield for companies competing in the global market. In fact, winning a patent war means more than grabbing market share. If tech manufacturers in Taiwan continue on the hardware and OEM path, they will eventually pay a huge and incalculable price for patent costs. This will be the biggest risk to their future profitability and may turn their wafer-thin profits into losses. Investors should also pay attention to the patent strategies and R&D strengths of individual companies, as these factors will be priced into the risks and returns of share prices (Chen et al. 2007; Tsai et al. 2011) . Note: *, ** and *** is significant at the 0.1, 0.05 and 0.01 level.
Conclusions
This study found that Apple's risks in undertaking patent infringement are significantly reduced when Apple is sued by HTC for patent infringement. Moreover, during patent wars, the patent risks for both companies are significantly different. Due to accelerated industrial upgrading and increasingly blurred boundaries between products in the smartphone industry, the probability of patent infringement litigation in the industrial structure has increased. Currently, the global economic outlook is generally pessimistic. Manufacturers strive to win global market share in the competition for limited business growth opportunities. In the technology industry of Taiwan, besides the impact of delayed economic upturn, the strategic IP war waged by competitors to win market shares has also become a vital key to the future development of the business. With the patent litigation of HTC and Apple as examples, and the concerns of investment institutions about business growth, patent litigation has had a serious impact on the reshuffling of the global smartphone industry. Market players not only judge and make decisions based on the overall economic situation, information regarding R&D investment and the long legal processes of the investment targets should measure the overall risk of the industrial chain, in order to reduce investment risks through industrial layout and determine the optimal configuration of asset portfolios in response (Boldrin, Levine 2013; Lee et al. 2013) .
